Characterization of Cured Width under Wide Range of Gaussian Laser Exposure for Bulk Lithography  by Bhole, Kiran S. et al.
 Procedia Materials Science  5 ( 2014 )  2487 – 2492 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).





&KDUDFWHUL]DWLRQRI &XUHG:LGWK XQGHU :LGH5DQJHRI
*DXVVLDQ/DVHU([SRVXUHIRU%XON /LWKRJUDSK\






VXUIDFHRI WKH WKUHHGLPHQVLRQDO' PLFURVWUXFWXUH LQ µ%XON /LWKRJUDSK\¶ SURFHVV&ODVVLFDO%HHU/DPEHUW¶V ODZ LVXVHG IRU
SUHGLFWLQJWKHSKRWRSRO\PHUL]HG ZLGWK+RZHYHUH[SHULPHQWDOLQYHVWLJDWLRQUHYHDOVWKDW%HHU/DPEHUW¶V ODZLVOLPLWHGWRSUHGLFW
SKRWRSRO\PHUL]HGZLGWKRQO\IRUVPDOOUDQJHRIHQHUJ\GRVH UHVXOWLQJIURPWKHVPDOOHUGXUDWLRQRIH[SRVXUH 7KLVSDSHUSUHVHQWV
ILUVWH[SHULPHQWDO UHVXOWVDQG WKHQSURSRVHV DQHQKDQFHGVHPLHPSLULFDOFXUHGZLGWKPRGHODSSOLFDEOHIRUZLGHUDQJHRI ODVHU
H[SRVXUHGRVHDQGGXUDWLRQ
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV %XONOLWKRJUDSK\ PLFURVWHUHROLWKRJUDSM\ SKRWRSRO\PHUL]DWLRQFXUHGGHSWKFXUHGZLGWK%HHU/DPEHW¶VODZ
 ,QWURGXFWLRQ
5DGLFDO SKRWRSRO\PHUL]DWLRQ LV XVHG DV D SULQFLSOH JRYHUQLQJ SKHQRPHQRQ LQ UHFHQWO\ GHYHORSHG WHFKQLTXH
WHUPHGDV ³%XON/LWKRJUDSK\´ IRU IDEULFDWLQJ YDU\LQJGHSWK'SRO\PHUPLFURVWUXFWXUHV LQ D VLQJOH OD\HU HQHUJ\
H[SRVXUH >*DQGKLDQG%KROH *DQGKLDQG%KROH @ ,QEXON OLWKRJUDSK\SURFHVVFXULQJ LVDOORZHG LQ
XQFRQVWUDLQWGHSWKE\IRFXVLQJ89OLJKWRQWKHVXUIDFHRIWKH89 FXUDEOHSKRWRSRO\PHU UHVLQ /DVHUVFDQSLWFKLV
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FXUHG ZLGWK UHVXOWV LQ XQFXUHG UHJLRQ +HQFH SURFHVV GHPDQGV DFFXUDWH GHWHUPLQDWLRQ RI FXUHG ZLGWK DV LW LV
LPSRUWDQW IRU GHFLGLQJ WKH ODVHU VFDQ SLWFK ZKLFK LQ WXUQ JRYHUQV WKH URXJKQHVV RQ GRZQ IDFLQJ VXUIDFH RI WKH
PLFURVWUFXWXUH >*DQGKLHW DO @&ODVVLFDO%HHU/DPEHUW¶VODZLVXVHGIRUGHWHUPLQLQJWKHFXUHGZLGWK >6KLJHUX
DQG<RVKL]DZD @ %HHU/DPEHUW¶V ODZ DVVXPHV WKDW WKHUH LV QR FKDQJH LQ RSWLFDO SURSHUWLHV RI UHVLQ XSRQ
H[SRVXUH DQG WKDW WKH OLJKW LV QRW VFDWWHUHG >6KLJHUX DQG <RVKL]DZD  -RFREV @ ([SHULPHQWDO
LQYHVWLJDWLRQV DQGWKHRUHWLFDOPRGHOLQJSUHVHQWHGE\VHYHUDOUHVHDUFKHV>0LFKDHOHWDO =KDQJ HWDO
.HZLWVFK HW DO  .DVDOD HW DO  =KDQJ HW DO  $QD HW DO @ KDYH UHYHDOHG WKDW %HHU
/DPEHUW¶VODZIDLOVWRSUHGLFW FXUHGZLGWKHVSHFLDOO\IRU ODUJHUHQHUJ\H[SRVXUH =KDQJ HW DO KDV SUHVHQWHG
WKH UROH RI GLIIXVLRQ RI VSHFLHV LQ WKH HYROXWLRQ RI WKH SKRWRSRO\PHUL]HG YR[HO DW KLJK LQWHQVLW\ LUUDGLDWLRQZLWK
OHVVHU H[SRVXUH GXUDWLRQ *RRGQHU DQG %RZPDQD  KDYH SUHVHQWHG WKH UROH RI R[\JHQ GLIIXVLRQ FDXVLQJ
LQKLELWLRQRIWKHGHVLUHGSKRWRSRO\PHUL]DWLRQSURFHVV LQOLWKRJUDSK\ )XUWKHUWKHHYROXWLRQRIWKHSRO\PHUL]HGYR[HO
XQGHUJRHVWUDQVLWLRQG\QDPLFVRIWKHUHIUDFWLYHLQGH[ >$QD HW DO .HZLWVFK HW DO @ $QD HW DO
DQG .HZLWVFK HW DO KDYH SUHVHQWHGWKHEHDPSURSDJDWLRQFRQVLGHULQJWKLVG\QDPLFV DVSHFW DQGYDULDWLRQLQ
FXUHG GHSWK +RZHYHU HYROXWLRQ RI WKH FXUHG ZLGWK XQGHU ZLGHU UDQJH RI HQHUJ\ GRVH LV QRW LQYHVWLJDWHG
)XUWKHUPRUH LW LVREVHUYHGWKDW WKHFXUHGZLGWKYDULHVVLJQLILFDQWO\ DVDIXQFWLRQRIQRWRQO\H[SRVXUHHQHUJ\EXW
DOVRDVD IXQFWLRQRIH[SRVXUHGXUDWLRQ ,QWKLVSDSHUZHSUHVHQWDQGGLVFXVVWKHVHH[SHULPHQWDO ILQGLQJVLQ FXUHG
ZLGWK:HIXUWKHU SURSRVHDQHZPRGHODSSOLFDEOHRYHUZLGHUDQJHRI HQHUJ\ GRVH DQGGXUDWLRQRIH[SRVXUH 7KLV




)LJXUH  VKRZV VFKHPDWLF UHSUHVHQWDWLRQ RI WKH VHWXS XVHG IRU GHYHORSLQJ FXUHG YR[HO DOORZLQJ XQFRQVWUDLQW
SKRWRSRO\PHUL]DWLRQ 7KHGHWDLOVRIFRPSRQHQWVRIWKHVHWXSFRQVLVWVRI $U 89 ODVHU VRXUFH RI ZDYHOHQJWK 
QP,QQRYD& &RKHUHQW IRFXVLQJOHQV 63; 1HZSRUW IRFXVHGVSRWVL]H  ȝP DQGGHSWKRIIRFXV 
ȝP LQKRXVH GHVLJQHGDQG GHYHORSHG[\ VFDQQHU >*DQGKLHW DO@ DQG ]VWDJH +ROPDUF $FRXVWLF2SWLFDO
0RGXODWRU$20 0RGHO 1HRV 7HFK LQWHUIDFHGZLWKWKHGDWD DFTXLVLWLRQV\VWHPG63$&( IRU
DFFXUDWHO\ FRQWUROOLQJ WKH HQHUJ\ H[SRVXUH DQG FXVWRPPDGH WDQN 89FXUDEOH UHVLQ SUHSDUHGE\KRPRJHQHRXVO\
PL[LQJ SKRWRLQLWLDWRU %HQ]RLO (WK\O (WKHU ZLWK ZW FRQFHQWUDWLRQ LQ PRQRPHU WULPHWK\OROSURSDQH WULDFU\ODWH
7037$ LV XVHG IRU SKRWRFXULQJ 3HQHWUDWLRQ GHSWK'S DQG FULWLFDO HQHUJ\ H[SRVXUH (F IRU WKH SUHSDUHG UHVLQ
V\VWHP DUHPDQGP-FP UHVSHFWLYHO\ )RUWKHH[SHULPHQWVODVHUEHDPLVWLJKWO\IRFXVHGXVLQJOHQVDW
WKHJODVVUHVLQLQWHUIDFHZLWKLQWKHDFFXUDF\RI ȝP VHH)LJXUH 
)LJ 6FKHPDWLFUHSUHVHQWDWLRQRI WKH H[SHULPHQWDOVHWXSIRUVWXG\RI XQFRQVWUDLQWSKRWRSRO\PHUL]DWLRQ
 'HVLJQRIH[SHULPHQWV
([SHULPHQWVDUHFRQGXFWHGXQGHUZLGHUDQJHRIODVHUHQHUJ\H[SRVXUH -FP WRVWXG\WKHFXUHGZLGWK
FKDUDFWHULVWLFRISKRWRSRO\PHUL]HGYR[HO7DEOH  VKRZV WKHSURFHVVSDUDPHWHUVQDPHO\ VSRWSRZHUDQGH[SRVXUH
GXUDWLRQZLWKWKHLUUDQJHDQGVWHSYDULDWLRQGXULQJFXUHGZLGWKH[SHULPHQWV7KHVHSURFHVVSDUDPHWHUVDUHYDULHGWR
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GLIIHUHQWOHYHOVWRDFKLHYHWKHGHVLJQHGUDQJHRIHQHUJ\H[SRVXUH7KHIRUPHGYR[HOLVFKDUDFWHUL]HGIRUFXUHGZLGWK
PHDVXUHG DW WKH URRW RI YR[HO IRUPHG ZLGWK DW ]  UHIHU )LJXUH  'XH WR HDVH RI RSHUDWLRQ DQG DFFHSWDEOH






)LJ 6DPSOH PLFURVFRSH LPDJH RIWKHFXUHGYR[HOV DWGLPHQVLRQOHVVHQHUJ\ GRVH D DQG E  DW FRQVWDQW H[SRVXUHGXUDWLRQ V
 ([SHULPHQWDOGHWDLOV
&ODVVLFDO%HHU/DPEHUW¶V ODZRIOLJKWSURSDJDWLRQ LQDEVRUELQJPHGLDLVJHQHUDOO\XVHG LQSUHGLFWLQJWKHFXUHG





ZKHUH (PD[ LV PD[LPXP HQHUJ\ H[SRVXUH DQG Z LV *DXVVLDQ EHDP GLDPHWHU 7KH PRGHO DVVXPHV WKDW WKH
DEVRUEDQFH RI SULPDU\ UDGLFDOV IRUPHG LV WKH VDPH DV WKDW RI WKH RULJLQDO SKRWRLQLWLDWRU >6KLJHUX DQG<RVKL]DZD
-RFREV@ +RZHYHUDVWKHH[SHULPHQWDOUHVXOWVVXJJHVW LQWKLVVHFWLRQSUHGLFWLRQRI FXUHGZLGWKE\
%HHU/DPEHUWODZLVYDOLGRYHUDOLPLWHGUDQJHRIHQHUJ\H[SRVXUHKHQFH DGGLWLRQDOFKDUDFWHUL]DWLRQDQGPRGHOLQJLV
UHTXLUHGXQGHUDZLGHUUDQJHRIHQHUJ\H[SRVXUH 7RKDYHJHQHUDOL]HGH[SHULPHQWDOFKDUDFWHUL]DWLRQDQGPRGHOLQJ
LUUHVSHFWLYH RI WKH UHVLQ XVHG WKH H[SHULPHQWDO UHVXOWV RI FXUHGZLGWK DQG HQHUJ\ DUH QRUPDOL]HG XVLQJ WKH UHVLQ
SURSHUWLHV7KXVGLPHQVLRQOHVVFXUHGZLGWKLVFRQVLGHUHGWREH ξ DQG GLPHQVLRQOHVV HQHUJ\LVFRQVLGHUHGWR
EH   7R VWXG\ WKH FXUHG ZLGWK FKDUDFWHULVWLFV WKH UHVXOWV RI GLPHQVLRQOHVV FXUHG ZLGWK DJDLQVW








RI GLPHQVLRQOHVV FXUHG ZLGWK LV YHU\ VPDOO LQGLFDWLQJ DSSUR[LPDWHO\ FRQVWDQW FXUHG ZLGWK IRU UDQJH RI HQHUJ\
H[SRVXUHUHSUHVHQWLQJFKDUDFWHULVWLFVJURZWKRIZLGWKDVDSSUR[LPDWHO\D KRUL]RQWDOOLQHRQWKHSORWUHIHU)LJXUH
7KH UHJLPH ,, LQGLFDWHV DEUXSW LQFUHDVH LQ WKH FXUHG ZLGWK IRU VPDOO FKDQJH RI H[SRVXUH GRVH )XUWKHUPRUH
ULJKWZDUGVKLIWRISRLQWRI DEUXSWJURZWKRIFXUHG ZLGWKWUDQVLWLRQIURPUHJLPH,WR,,LVREVHUYHGZLWKWKHLQFUHDVH
LQWKHH[SRVXUHGXUDWLRQ
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)LJ  ([SHULPHQWDO UHVXOWV RI GLPHQVLRQOHVV FXUHG ZLGWK DJDLQVW GLPHQVLRQOHVV HQHUJ\ DW FRQVWDQW H[SRVXUH GXUDWLRQ V DORQJ ZLWK %HHU
/DPEHUWPRGHOIRU7037$EDVHGUHVLQ
 'LVFXVVLRQ
7KH H[SHULPHQWDOO\ REVHUYHG FXUHG ZLGWK FKDUDFWHULVWLFV DUH VWXGLHG IURP SRLQW RI YLHZ RI GLIIXVLRQ DQG LQ
DGGLWLRQ VFDWWHULQJ HIIHFWV GHYHORSHG GXULQJ HYROXWLRQ RI FXUHG YR[HO0DWKHPDWLFDOO\ G\QDPLF FRQFHQWUDWLRQ RI
SKRWRLQLWLDWRU>6@LQWZR GLPHQVLRQVFDQEHJLYHQDV >*RRGQHU DQG%RZPDQD  =KDQJ HW DO@
 
ZKHUH ĳ LV WKHTXDQWXP\LHOGIRULQLWLDWRU İ LV WKHPRODUDEVRUSWLYLW\RILQLWLDWRU , LV WKH OLJKWLQWHQVLW\ '6 LV WKH
GLIIXVLRQFRHIILFLHQWRISKRWRLQLWLDWRU[DQG ]DUHWKHODWHUDODQG GHSWKFRRUGLQDWHVUHVSHFWLYHO\,QDERYHHTXDWLRQ
WKHILUVWWHUPRQULJKWKDQGVLGHLVFRQVXPSWLRQE\UHDFWLRQDOVRWHUPHGDVLQLWLDWLRQ UDWH 5LDQGWKH VHFRQG WHUP
UHSUHVHQWV GLIIXVLRQ )XUWKHUPRUH WKH GHYHORSHG FXUHG YR[HO H[KLELWV WKH LQWHQVLW\ GHSHQGHQW UHIUDFWLYH LQGH[
YDULDWLRQ([SHULPHQWDOVWXG\ >.HZLWVFK HW DO .DVDOD HW DO =KDQJ HW DO $QD HW DO
,DQHWDO@ KDVSUHVHQWHGWKH YDULDWLRQLQWKHUHIUDFWLYHLQGH[ ¨QV DVGHSHQGDQWRQRSWLFDOILHOG _(HW_ E\WKH
IROORZLQJ HPSLULFDOUHODWLRQ
ο ǡ ǡ ǡ ο ͳ ȁ ȁ  
ZKHUH Ĳ LVPRQRPHU OLIH WLPH 'HYHORSPHQWRI WKH UHIUDFWLYH LQGH[JUDGLHQW WULJJHUV WKHEHDPPRGXODWLRQDQG LV
WKXVKDYHWKHVLJQLILFDQWHIIHFWLQWKHYDULDWLRQRIWKHFXUHGZLGWK
9HUWLFDO OLQHV , DQG ,, LQ )LJXUH  UHSUHVHQWV WKH FRQVWDQW HQHUJ\ GRVH DW GLIIHUHQW OHYHOV 'LIIHUHQW YDOXHV RI
GLPHQVLRQOHVV FXUHG ZLGWKRQWKHVHOLQHVVKRZLWV LQWULJXLQJGHSHQGHQFHRQ WKHWLPHRIH[SRVXUHHYHQLI WKHWRWDO
H[SRVXUHGRVHLVWKHVDPH3RLQWV$DQG%RQ FRQVWDQWH[SRVXUHOLQH,UHSUHVHQWVWKHGLPHQVLRQOHVVFXUHGZLGWKIRU
H[SRVXUH GXUDWLRQ RI  DQG  V UHVSHFWLYHO\ &RUUHVSRQGLQJ FKDUDFWHULVWLF ZLGWKV DW SRLQWV $ DQG % UHSUHVHQW
KLJKHUGLPHQVLRQOHVVFXUHGZLGWK IRUKLJKHUH[SRVXUHGXUDWLRQDQGYLFHYHUVD7KLV IHDWXUHG FKDUDFWHULVWLF LVGXH
GLVWLQFWGLIIHUHQFHLQWLPHDOORZHGIRUWKHGLIIXVLRQRISKRWRLQLWLDWRU VSHFLHVDQGUDWHRILQLWLDWLRQRIUDGLFDOVDWWKH
OHDGLQJIDFHRIUHDFWLRQURRWRIWKHYR[HO )RUWKHFRQVWDQWHQHUJ\GRVHOHVVHUH[SRVXUHWLPHSRLQW%RQFRQVWDQW
HQHUJ\ GRVH OLQH , FRUUHVSRQGLQJ WR H[SRVXUH GXUDWLRQ  V UHSUHVHQWV KLJKHU LQWHQVLW\ DQG YLFH YHUVD )RU WKH
H[SRVXUHGRVHVHWZLWKKLJKLQWHQVLW\LUUDGLDWLRQLQFUHDVHVWKHUDWHRILQLWLDWLRQ 5L UHIHU(T )XUWKHUGXHWROHVVHU
H[SRVXUHGXUDWLRQFRPSHQVDWLRQRISKRWRLQLWLDWRUWKURXJKGLIIXVLRQLV OHVVDQGKHQFHOHVVFRQVXPSWLRQRISKRWRQV
7KLV \LHOGV OHVVHU GHJUHH RI SKRWRSRO\PHUL]DWLRQ UHDFWLRQ DW OHDGLQJ IDFH RI WKH UHDFWLRQ ]RQH WKHUHE\ IRUPLQJ
VPDOOHUFXUHGZLGWKYR[HO 2QWKHFRQWUDU\DOORZLQJKLJKHUWLPHRIH[SRVXUHZLWKOHVVHUOLJKWLQWHQVLW\3RLQW$RQ
FRQVWDQWHQHUJ\GRVH OLQH,FRUUHVSRQGLQJ WRH[SRVXUHGXUDWLRQ VUHGXFHV WKHUDWHRI LQLWLDWLRQ 5L UHIHU(T
/DUJH H[SRVXUH GXUDWLRQ DOORZV WKH SKRWRLQLWLDWRU VSHFLHV WR GLIIXVH WR WKH DUHD RI WKH UHDFWLRQ DQG DEVRUEPRUH
SKRWRQV 7KXV SURPRWLQJ SKRWRSRO\PHUL]DWLRQ SURFHVV DW VXUIDFH KHQFH WKHUHE\ JHQHUDWLQJ ZLGHU ZLGWK RI WKH
YR[HO DW WKH URRW LQ FRPSDULVRQ WR WKH SUHYLRXV FDVH )XUWKHUPRUH SRLQWV & DQG' RQ FRQVWDQW H[SRVXUH OLQH ,,
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UHSUHVHQWV WKHGLPHQVLRQOHVV FXUHGZLGWKIRUH[SRVXUHGXUDWLRQRIDQGVUHVSHFWLYHO\UHIHULQVHWLQ)LJXUH




SKRWRSRO\PHUL]HGYR[HOEDVHGRQWKHOLJKWLQWHQVLW\GHSHQGHQWUHIUDFWLYHLQGH[ UHIHU(T >.HZLWVFK HW DO
.DVDOD HW DO $QD HW DO@$W SRLQW& WKHKLJKHULQWHQVLW\ LUUDGLDWLRQWULJJHUVVSRQWDQHRXVJURZWKRI
UHIUDFWLYHLQGH[UHIHU (TZKLFKOHDGVWRPXOWLSOHVFDWWHULQJDWWKHOHDGLQJIDFHRIWKHUHDFWLRQ]RQH >.HZLWVFK HW
DO  .DVDOD HW DO  $QD HW DO @ 7KXV WKHSKRWRSRO\PHUL]DWLRQVWDUWVDW WKH VXUURXQGLQJ ODWHUDO
VXUIDFHGXHWRVFDWWHUHG OLJKWZKLOHDWSRLQW'WKHJURZWKRIYR[HOZLGWKLVXQGHUGRPLQDQWHIIHFWRIGLIIXVLRQRI




9DULRXV IRUPV RI PDWKHPDWLFDO IXQFWLRQV DUH SRVVLEOH WR UHSUHVHQW WKH FXUHG ZLGWK FKDUDFWHULVWLFV GHSLFWLQJ
WUDQVLWLRQIURPUHJLPH,WR,, :HSURSRVHIROORZLQJIRUPRIVHPLHPSLULFDO PRGHORIFXUHGZLGWKIRUZLGHUDQJHRI
HQHUJ\H[SRVXUHIRUEXONOLWKRJUDSK\
כ  כ  
ZKHUH ξ LV GLPHQVLRQOHVV FXUHGZLGWK LV GLPHQVLRQOHVV HQHUJ\ DQG D E DQG F DUH WKH
FRQVWDQWV )LJXUHVKRZVWKHFXUHGGHSWKFKDUDFWHULVWLFVDORQJZLWKWKHSURSRVHGPRGHO UHIHU(T &ORVHPDWFK
EHWZHHQ H[SHULPHQWDO UHVXOWV DQG SURSRVHGPRGHO LV REVHUYHG IRU WKH JUDSK ,Q SURSRVHG PRGHO DV [ ĺ  WKH
PRGHO FRQYHUJHVWR ξ Ǥ 6PRRWK WUDQVLWLRQRIGLPHQVLRQOHVVFXUHG ZLGWK IURP UHJLPH,WR,, LV JRYHUQHGE\
WKHYDOXHRI E)RUYHU\KLJKYDOXHVRI [WKHVHFRQGFRPSRQHQW RIWKHPRGHOEHFRPHVPRUHGRPLQDQWWKDQWKHILUVW
FRPSRQHQWUHSUHVHQWLQJDEUXSWJURZWK RIWKHFXUHGZLGWKVHH)LJXUH  D )XUWKHULWFDQEHREVHUYHGIURP)LJXUH
D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